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Initially observed as unexpected byproducts, 1,2 an astonishing 5 x 10 10 g of phthalocyanines and metallophthalocyanines (Pcs) are now synthesized per year. 3 Their remarkable photophysical properties and extreme chemical, thermal, and 15 photostability makes Pcs ideal dyestuffs and useful components of synthetic catalysts, photovoltaic devices, chemical sensors and data storage devices. [4] [5] [6] Pcs also have interesting in vivo applications as tattoo inks and sensitizers for photodynamic therapy. Phthalocyanines are prepared by high-temperature cyclotetramerization of phthalic acid or dicyano derivatives. [4] [5] [6] [7] [8] [9] [10] [11] [12] Metal ion templates can dramatically enhance the yields of these reactions. 4, 6, [8] [9] [10] To illustrate this effect, the cyclotetramerization of 4-nitrophthalic anhydride was conducted in 25 the presence or absence of Li(I), Mg(II), Cu(II), or Zn(II) using a modified Wyler procedure. 9 Poor yields were obtained in the presence of LiCl, MgCl 2 , or in the absence of template, while near-quantitative yields were obtained in the presence of Cu(II) and Zn(II) (Scheme 1). † It is well known that 30 strongly coordinating ions like Mn(II) Fe(II), Co(II) Cu(II), Ni(II), Cu(II), and Zn(II) can dramatically improve the yields of such reactions, but their subsequent removal is thought to be difficult or even impossible without destruction of the Pc itself. 8,10a Indeed, previous attempts to remove Zn(II) using 35 strong acids resulted in Pc decomposition, and no examples of Zn(II) demetallation are found in the literature. Metal-free phthalocyanines are normally prepared by heating dicyano or diiminoisoindoline precursors in a highboiling solvent and strong base. While these reactions can, in 55 some cases, furnish metal-free products in good to moderate yields, 12 isolated yields ranging from 10 -30% are also very common. 13 As part of our program aimed at developing new highaffinity G-quadruplex ligands, we became interested in the synthesis of cationic phthalocyanies containing guanidinium groups. This design was motivated by the impressive 85 translocation properties of oligo-and poly-guanidino peptides, 15 and by the improved cellular uptake and enhanced RNA affinity of guanidinium-containing small molecules as compared to analogous ammonium-containing compounds.
16
Guanidino phthalocyanines (GPcs) were synthesized by 90 reacting a known tetraamino-zinc-phthalocyanine (2) 17 with various carbodiimides in a pyridine-HCl ionic liquid (4:1 molar ratio) at 120 o C (Scheme 2). † Under these relatively mild and neutral reaction conditions, Zn(II) was removed to furnish the metal-free GPcs 3 -5 in isolated yields of 70 -95 83%. The metal-free products 3 -5 were characterized by UV-vis spectroscopy, RP HPLC, high resolution ESI MS, and 1 H NMR. All analytical data were consistent with the complete removal of zinc during these reactions. † At first It is well known that strongly chelating metal ion templates can dramatically improve the yields of cyclotetramerization under a wide variety of conditions using readily available starting materials (Scheme 1). 4, 6, 8, 10 The main problem with this approach has been the lack of reported conditions for the 45 subsequent removal of such ions to generate metal-free phthalocyanines. 8 The mass spectra were measured by the Organic Chemistry Institute of the University of Zürich. For the matrix-assisted laser desorption/ionization (MALDI) a Bruker Autoflex was used.
Low resolution electrospray ionization (ESI) mass spectra were measured using an Esquire LC from Bruker. ESI high resolution mass spectra were measured on the MAT 900 from Finnigan.
Visible absorbance spectra were collected using a SpectraMax MP5 spectrophotometer in
Greiner Bio-one UV-Star 96-well plates (final volume = 200 µL). IR spectra were collected using a JASCO FT/IR-4100 spectrometer equipped with an anvil sample compressor for matrixfree data collection. The centrifugations were performed in an Eppendorf Centrifuge 5804 using 50 mL polypropylene tubes.
Elemental analysis was conducted by the Microanalysis Lab of the Institute of Organic
Chemistry at the University of Zürich. Indicated values are the average of two or more independent measurements.
The purity of GPcs (compounds 3 -5) was determined by RP HPLC using a dual pump Varian (ProStar) system and a C18 Interchrom (250mm x 4.6mm; type D) reversed phase column.
Products were analyzed using a gradient of acetonitrile (HPLC grade, Fisher Scientific) in water, each containing 0.1% trifluoroacetic acid (TFA).
Synthesis of Metal-Free Guanidino Phthalocyanines
While a large number of guanidinylation methods are known, 
Synthesis and Characterization
Tetranitro-metallophthalocyanines were prepared in the presence or absence of LiCl, MgCl 2 , CuCl 2 , or ZnCl 2 according to published procedures using nitrobenzene as a co-solvent. 7 A representative procedure, for zinc, is included below. Reactions using the other metals were identical, except 2-fold more LiCl was used. All analytical data collected for the known compounds 1, 2, 6, 7, and 9 were consistent with those already published.
7,8,9
Tetranitro-zinc-phthalocyanine ( 
Tetraamino-zinc-phthalocyanine (2):
Tetraamino-zinc-phthalocyanine (2) was prepared according to published procedures. 7 Sodium sulfide nonahydrate (7.4 g, 30.9 mmol) was added to a solution of tetranitro-zinc-phthalocyanine (1) (1.95 g, 2.5 mmol) in DMF (50 mL). The reaction The reaction was removed from the heat, and 10 mL of H 2 O was used to transfer the hot mixture into a polypropylene centrifuge tube. TFA (1.2 mL) was added, mixed, and the resulting precipitate was collected by centrifugation at 6'500 r.p.m. The supernatant was removed and mixed with TFA (1 mL), centrifuged, and the supernatant discarded. The combined precipitates were sonicated with 0.1 N NaCl (7 mL) and then mixed with TFA (1.2 mL), centrifuged, and the colorless supernatant was carefully removed. The resulting precipitate was sonicated in water (7 mL) and then mixed with TFA (1.2 mL), and the precipitate collected as before. The precipitate was dissolved in TFA (2mL) and mixed with water (7 mL). The resulting precipitate was collected by centrifugation, dissolved in a 1:3 mixture of acetonitrile and water containing 0.1% TFA (4 mL), and lyophilized to yield 70 mg (83%) of a dark green solid. tetraamino-zinc-phthalocyanine (2) tetraamino-phthalocyanine (7) pyridine-HCl Tetra-tert-butyl-phthalocyanine (8). Tetra-tert-butyl-zinc-phthalocyanine (94 mg, 0.11 mmoles), pyridine (5 mL), and pyridine-HCl (2.5 g) were stirred under N 2 at 120 C for 17 h. The reaction was removed from the heat, and water (10 mL) was added while the reaction was still hot and the mixture allowed to cool. Octakis(octyloxy)-phthalocyanine (10). Octakis(octyloxy)-zinc-phthalocyanine (50 mg, 0.031 mmoles), pyridine (2 mL), and pyridine-HCl (1 g) were stirred under N 2 at 120 C for 17 h. The reaction was removed from the heat, and water (10 mL) was added while the reaction was still hot and the mixture allowed to cool. The resulting precipitate was collected by centrifugation at and the isolated metal-free phthalocyanine product (9) in 1-bromonaphthylene. These spectra match reported standards. 
